Abstract -An optically-pumped intersubband laser generator is proposed in which the continuum states above an A1 0.2Ga 0.8.4s -GaAs -A1 o2Ga o.sAs single quantum well with a width of L = 17 nm serve as the highest level in a four-level laser system. The design allows much greater flexibility in the choice of pumping source and simplifies considerabb the device fabrication. We have obtained the electronic subbandl structure of the proposed device and utilized a simple rate equation approach to examine the electron density in different states under optical pumping. OPISLs provides an opportunity to examine the excitation and relaxation of e1e:ctrons in a LDSS via intersubband transition events caused by electron interactions with photons and phonons. Moreover, it has been realized that GaAs-based QCLs cannot prcduce longwavelength laser radiation because of the problems with thennal management, where the laser emission is suppressed when the radiation fi-equency approaches that of the optical phonons. In contrast, OPISLs [2-51 are designed to take advantage of the electron-phonon interactions and can therefore achieve longer wavelength laser emission. A practical three-level OPISL was proposed [3] in 1995 using an AlGaAs-GaAs double quantum well structure and a CO2 laser as the pumping source. Since then some alternative designs such as employing AIGaAs-GaAs step quantum wells which behave as three-[4] or four-level [5] OPISLs under COz laser pumping, have also been proposed. However these devices suffer two major drawbacks: (i) they are not very easy to fabricate due to their relatively complicated structures; (ii) there is little ff exibility in the choice of pumping source, since the energy of ihe pumping radiation must correspond to the separation between subbands.
A. Introduction
Although the present investigation into intersubband laser emission in lowdimensional semiconductor systems (LDSSs), is dominated by the quantum cascade laser (QCL) realized f?om semiconductor superlattices [I] , optically pumped intersubband lasers (OPISLs) based on polar-semiconductor quantum well structures have been proposed and studied since 1995 by several groups . From a fundamental point of view, the study of OPISLs provides an opportunity to examine the excitation and relaxation of e1e:ctrons in a LDSS via intersubband transition events caused by electron interactions with photons and phonons. Moreover, it has been realized that GaAs-based QCLs cannot prcduce longwavelength laser radiation because of the problems with thennal management, where the laser emission is suppressed when the radiation fi-equency approaches that of the optical phonons. In contrast, OPISLs [2-51 are designed to take advantage of the electron-phonon interactions and can therefore achieve longer wavelength laser emission. A practical three-level OPISL was proposed [3] in 1995 using an AlGaAs-GaAs double quantum well structure and a CO2 laser as the pumping source. Since then some alternative designs such as employing AIGaAs-GaAs step quantum wells which behave as three- [4] or four-level [5] OPISLs under COz laser pumping, have also been proposed. However these devices suffer two major drawbacks: (i) they are not very easy to fabricate due to their relatively complicated structures; (ii) there is little ff exibility in the choice of pumping source, since the energy of ihe pumping radiation must correspond to the separation between subbands. Fig. 1 as a fiction of pumping k q u m c y at a fixed field strength Fo = 20 kV/cm and temperature T = '77K. Here, i < 3 and i = 3 represent respectively the bound and the continuum levels and n, is the total electron density. We see that when the condition Ao + -U0 > 0 is satisfied, electrons in the bound levels can be pumped into the continuum states and the electron populations in subbands 2 and 1 can be inverted via electro*LO-phonon scattering, In sharp contrast to the strict selection rules for optical pumping of electrons between bound levels in a twodimensional electron gas (2DEG) system, bound-to-continuum pumping can be effective over a wide range of frequencies [A. The theoreticd results indicate that the optical pumping efficiency, ie. the rate to pump electrons &om a bound level with energy cn to continuum states, is proportiond to b / ( i' io + E . -UO)''', where 10 and w are respectively the intensity and fiequency of the pumping field. Therefore, we can use any far infra-red (FIR) s o m e (not necessarily a FIR laser) as the pumping field to operate the device as long as hw > UD -EO = 129.7 meV is satisfied. We find that the optimum pumping frequency is liw = 139 meV corresponding to a wavelength il ! Z 8.9 pn. The dependence ofthe electron density ni on temperature is shown in Fig. 2 at a fixed pumping field. Here we see that the population inversion between subbands 2 and 1 can only be achieved when T < 195K at WO = 139meV and Fo = 20 kV/cm. At higher temperatures population inversion cannot be maintained due to the increased probability of LO-phonon absorption induced transitions fiom subbands 0 to 1 and from subband 3 to the continuum.
E.
With increasing intensity of the pumping field, the regime within which the population inversion can be observed is extended to higher temperatures. Our calculations show that a pumping field of at least 35 kV/cm is required for mom temperature operation.
D. Conclusion
In this paper, we have proposed a new OPISL device, based on a simple single quantum well structure, which has been designed to allow increased flexibility in the choice of pumping sources. The results obtained from calculations show that a FIR source with Ao > 130 meV (or wavelength 3, < 9.2 pm) and Fa w 10 kV/cm would be sufficient to operate the device as an intersubband laser w i t h a fkquency ha z 57.6 meV (or h z 21.5 pm). This wavelength is much longer than those generated by GaAs-based QCLs which are typically [SI limited to h < 5 pm. For a field strength of Fo = 20 kVlcm, we find that population inversion can be maintained for temperatures up to T = 195 K. In order to operate the device at room temperature, however, a pumping field of intensity Fo 2 35 kVlcm is required. It is OUT hope that the simple OPISL device proposed in this article can be realized and tested experimentally.
